Introduction {#s1}
============

The umbrella term Ecological Momentary Intervention (EMI) labels a group of methods that provide clinical treatment *via* mobile devices in individuals' daily lives. The development and application of EMI are continuously increasing ([@B1]--[@B3]), related to the emergence of smartphone apps and the widespread availability of the internet ([@B4], [@B5]). Today, EMI applications are offered as treatment of various different psychological and psychiatric disorders including anxiety disorders, depression, obsessive-compulsive disorders, and posttraumatic stress disorders ([@B2], [@B4], [@B6]). EMI are often based on clinically evaluated psychotherapeutic treatments, e.g., cognitive behavioral therapy (CBT) ([@B2]), and apply therapeutic activities, assignments, and skills outside the clinical/therapeutic setting, i.e., in individuals' natural environment ([@B7], [@B8]). There are estimates that 70--85% of US citizens in need of mental health care do not receive it, and that these numbers might even be higher worldwide ([@B9]). EMI has the potential to reduce this treatment gap by providing interventions to individuals with little or no prospects of receiving regular clinical, face-to-face treatment. By providing wider access to mental health care, EMI may have financial benefits, potentially reducing the need for clinical care and hospitalization. Finally, EMI allows clinicians to monitor and individualize a therapeutic intervention, with patients actively included in the treatment process, thus resulting in higher treatment compliance and better interaction between patients and clinicians ([@B10]).

With all the potential benefits of EMI in mind, we propose that clinicians should ask the following three questions before integrating EMI into the therapy of psychological and psychiatric disorders. 1) Is the efficacy of the EMI application proven by randomized controlled trials, as per the criterion for all accredited therapies (especially those covered by health insurance)? 2) Does the EMI application consolidate the effects of face-to-face therapy, for example by reducing the risk of relapse? 3) Does the EMI application provide additional measures of therapy outcomes that are more accurate than traditional evaluation methods (e.g., clinical interviews and questionnaires)?

Evidence From Randomized Controlled Trials {#s2}
==========================================

Randomized controlled trials (RCT) are seen as the gold standard in medical research that should be applied to all treatment methods to prove their efficacy \[([@B11], [@B12]) but see Grossman and Mackenzie ([@B13]) for a critical approach\]. In RCTs, patients are randomly assigned to an experimental group that receives a certain treatment, or one or more control groups that receive a placebo or no treatment. The power of the conclusions gained from an RCT depends on the quality of the placebo treatment. In the ideal case, the control group receives a non-potent treatment that otherwise is identical to the experimental group. Regarding EMI applications, most RCT studies compared experimental groups that receive EMI treatment \[usually combined with "therapy as usual \[TAU\]" or at least weekly face-to-face feedback ([@B14])\] and control groups that only receive TAU ([@B15], [@B16]).

A recent systematic review of EMI applications for major depressive disorder (MDD) by Colombo et al. ([@B5]) included seven EMI studies. The authors argue in favor of EMI's clinical efficacy and feasibility in treating MDD. However, the review only included four different EMI, and only two RCTs on their efficacy ([@B5]). Thus, the generalizability of these findings is questionable. A meta-analysis by Linardon et al. ([@B4]) included more data and a statistical analysis of effect sizes. Based on 66 RCTs of mental health EMI applications in clinical and non-clinical samples, they reported a reduction of stress and depressive and anxiety symptoms with small to medium effects (Hedge's *g* between 0.28 and 0.58). Such evidence suggests that EMI applications can indeed have systematic effects on important aspects of mental health ([@B4]). Given that they are effective, it is now crucial to understand which components of the EMI drive the effect. Most of the existing popular EMI applications for depression and anxiety include a variety of treatment components such as psychoeducation, assessment, relaxation, mindfulness, and meditation ([@B17]). Some of the individual components have been proven effective in isolation, but it is unclear if they drive the overall effect of the EMI application and how they interact with the other components.

To understand the mechanism behind EMI effects, RCTs need to systematically test the effect of individual components against each other. For example, Burton et al. ([@B15]) found a reduction of depression symptoms through regular use of an EMI application ("Help4Mood") in which patients interact with a customized virtual agent that guides them through daily mood questionnaires ([@B15]). To specify this effect, a group of patients using the current EMI version (virtual agent plus daily mood reflection) should be compared with patients that interact with the same virtual agent, but answer neutral questions that are unrelated to psychiatric symptomes.

Notably, it has been suggested that RCTs may not be the gold standard for the evaluation of increasingly smartphone-based EMI ([@B3]) because of their long duration and high financial costs ([@B6], [@B18]). However, given that a successful evaluation in RCTs is required before the official release of other medical treatments, these standards should also be applied to EMI.

Evidence for Consolidation of Face-to-Face Therapy Effects {#s3}
==========================================================

Face-to-face therapy is efficient in treating current psychiatric symptoms, for example in reducing depression or anxiety at the time of the consultation. However, maintaining these effects and preventing relapse is challenging ([@B19]). Because they can be integrated into patients' everyday life, EMI applications have the potential to consolidate face-to-face treatment effects, to prevent relapse and thus to increase the periods between face-to-face consultation ([@B4], [@B7], [@B20]). Up to this point, evidence for the efficacy of EMI in preserving face-to-face therapy effects is scarce ([@B21]--[@B23]).

There are some follow-up investigations on internet-based and smartphone-based EMI ([@B4]). For instance, a review by Andersson et al. ([@B21]) investigated 14 studies (*n* = 902) on internet-based, guided EMI with Cognitive Behavioral Therapy (CBT) elements for mental health improvement, with follow-up assessments between 2 and 5 years. They reported an average 50% symptom improvement from baseline and large within-group effects, with a pre- to follow-up effect size of Hedge's *g* = 1.52. However, the included studies and their effect sizes were heterogeneous, and overall results might thus be overestimated. Välimäki et al. ([@B20]) investigated effects of internet-based EMI on stress, depression, and anxiety in youth. Fifteen RCTs (*n* = 4979) were included into meta-analysis. Results suggest short-term improvement of mental health and reduction of depression and anxiety, but were questionable regarding long-term effectiveness due to a limited number of follow-up assessments. Only two studies reported significant long-term (\>6 months) improvement of depression symptoms, while no mid- or long-term effects were evident for anxiety, mood, and feelings ([@B20]). More follow-up assessments are needed.

Long-term effects of EMI apps have mainly been assessed in relatively short follow-up periods of 4 weeks to 3 months ([@B4], [@B24]). However, there are single studies with promising long-term results. A small study on the combination of a well-being app and face-to-face counseling in university students (*n* = 38) with moderate anxiety or depression showed clinically relevant reductions in symptoms that were still evident after 6 months ([@B25]). Economides et al. ([@B19]) investigated long-term effects of an EMI app ("Ascend") with evidence-based treatment components in 102 patients. They found anxiety-reducing effects to last up to 6 months (Hedge's *g* = 0.91), and depressive-reducing effects to last up to 12 months after the initial 8-week EMI treatment (Hedge's *g* = 1.14). Notably, these results show uncontrolled effect sizes and would have greatly profited from the comparison to a control group, i.e., an RCT.

Overall, the length of follow-up periods varies greatly and is often considered too short ([@B4], [@B21], [@B26]), resulting in a lack of sufficient evidence on EMI long-term treatment effects. Moreover, there is a lack of longitudinal studies that compare the effects of face-to-face treatments with the effects of the same face-to-face treatments in combination with EMI.

Optimization of Therapy Outcome Measures {#s4}
========================================

Currently, the efficacy of EMI applications is mostly evaluated based on patients' self-reports and thus not different from the evaluation of classical face-to-face therapies. In most cases, questionnaires or reports on mental health outcomes are filled in prior to and after the intervention (e.g., [@B27], [@B28]), sometimes with additional follow-up assessments (e.g., [@B19], [@B29]). While self-reports are necessary to gain insights into the subjective perception and evaluation of symptoms, they are potentially confounded by biases ([@B30]). For example, there is a response bias in favor of positive responses (i.e., acquiescence, saying "yes") compared to negative responses (saying "no"; [@B31], [@B32]). Moreover, patients may feel obliged to indicate a reduction of symptoms after the EMI to justify their own effort or to please the clinician (e.g., [@B33], [@B34]).

It is well known that the onset and symptomology of mental health disorders like depression and anxiety are associated with various biomarkers ([@B35]). For example, MDD is associated with decreased high frequency heart rate variability (HF-HRV), both at rest and in response to challenges ([@B36]); increased cortisol levels during stress recovery ([@B37]); and decreases in skin conductance ([@B38]). Anxiety disorders, too, are associated with decreased HF-HRV ([@B36]). They also relate to high sensitivity of skin conductance to general anxiety change. Phobias are particularly associated with high cardiovascular activity ([@B38]). In combination with self-reports, these and other biomarkers can predict the onset and severity of psychiatric conditions ([@B5], [@B39]), and thus should be used to verify therapy outcomes.

A small-sampled clinical EMI study on stress and anger management in veterans ([@B27]) used mobile cardiovascular and electrodermal measurements to indicate physiological stress. Both the control group (*n* = 6) and the experimental group (*n* = 10) received standard CBT for 8 to 10 weeks. An EMI app with physiological stress assessment (skin conductance, heart rate, cortisol) was integrated into the experimental group's CBT. If stress was detected, the app initiated an alert and presented exercises for stress reduction. Results suggest that the combined vs standard intervention was more efficient in reducing stress, anxiety, and anger. Notably, however, only 4 experimental and 3 control participants completed follow-up assessments ([@B27]).

Botella et al. ([@B40]) investigated the feasibility and efficacy of an internet-based CBT-EMI for the prevention and treatment of depression and adjustment disorders in 60 unemployed men at risk of developing depression. The sensor group (*n* = 19) received 6 to 10 weeks of EMI with additional physiological and activity sensor assessment (electrocardiography, electroencephalography, and actigraphy) providing graphic feedback. The intervention group (*n* = 22) received EMI without sensors. The control group (*n* = 19) received no treatment. Overall, EMI related to stronger improvement in clinical variables. This effect was more pronounced in the sensor group, with medium effect sizes for depression, affect, and stress, and a small effect size for anxiety. The intervention group showed small effect sizes for all outcomes except depression (medium). In sum, EMI allows the development of physiological and behavioral outcome parameters in addition to classical psychometric scores. The combination of EMI and physiological measures is thus promising in MDD, anxiety, and beyond, but its potential and risks as well as ethical aspects need further investigation ([@B41]).

Conclusion {#s5}
==========

In summary, there is mounting evidence *via* randomized controlled trials of the efficacy of EMI applications, but a lack of evidence that EMI applications consolidate face-to-face treatment effects, for example, prevention of relapse. Moreover, the EMIs have not yet reached their full potential in providing more objective therapy outcome measures, for example by systematically assessing physiological changes in the course of the EMI. In the light of these findings, we answer our first question (Evidence from randomized controlled trials)? with a cautious "Yes," and our second and third questions (Evidence for consolidation of face-to-face therapy?/Optimization of therapy outcome measures)? with an optimistic "Not yet." Given the intense research activities in the field, the state of EMI evidence regarding our three questions should be regularly reviewed and recommendations for their application in the clinical praxis should be updated.
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